Immediately after graduation he successfully took the public examination for a single vacancy on the Geological Survey which he joined in October 1912. His work over the next two years and for a short time after the first war as a field surveyor can be assessed from the Flint and Oswestry Memoirs.
In 1914 started the first of the two world wars in both of which King was to have such a distinguished record as a military geologist. He was com missioned Second lieutenant in the Seventh Battalion of the Royal Welch Fusiliers in October 1914 , but it was not until early in 1915 that the Chief Engineer B.E.F. (France) requested War Office to send out a geologist to advise on water supply. Second Lieutenant King was taken from the mapsection of the War Office, given some months of specialized training by Sir Aubrey Strahan and George Barrow at the Geological Survey, and then sent out to France where he worked for the rest of the war. For part of the time he collaborated with Professor Sir Edgeworth David who was something of a legendary figure as a rather absent-minded scientist successfully solving problems of an empirically-minded army, but no less notable was the reputation of Captain King-'Rocks' to the Royal Engineers-who was to be awarded the O.B.E. (Military Division) and twice mentioned in dispatches.
King's geological work in the first war was very largely concerned with water but by no means only with the siting and recording of the many wells which were sunk for a supply to the army. In this peculiar campaign of static trench warfare much energy and ingenuity was used by the sappers of both sides in driving mine galleries beneath the enemy's lines in order to blow them up and also, if possible, to demolish the other side's mine. In this work a really accurate knowledge of the water table fluctuations in the chalk was essential in achieving the correct relation between the lowest possible level of the gallery and the time it would take to drive it, and in making judgements of such situations King was remarkably successful.
One piece of geological work was unusual in its implications in the field of international politics. The neutral Dutch government was being accused by Britain of allowing its canals to be used for the transport of materials of military significance, one of these being concrete aggregate, and was equally busy countering these allegations. King was able to show that captured concrete emplacements on the Passchendale Ridge contained Niedermendig basalt from the Rhineland and from this was built up such a petrological case for the barge-transport of German material through Holland into Belgium that pressure was successfully applied to bring it to an end.
In the middle of the war King took time off to marry Margaret Amy Passingham on 7 June 1916, at Eastnor in Herefordshire, so to begin a happy married life that was in sight of its golden anniversary when death inter vened prematurely. Mrs King was to bear him two daughters in 1920 and 1922 , and of Margaret and Cuchlaine and Margaret's children, Bill and his wife were very proud. Dr Cuchlaine King, reader in Geography at Notting-ham University, has by her publications dealing with wave action on beaches and coastlines achieved a scientific reputation of her own.
On demobilization in 1919, King returned to the Geological Survey but in 1920 M arr, newly elected to the Woodwardian chair of Geology at Cambridge, offered him the posts of demonstrator and assistant to the professor. This offer was accepted and King was also elected a Fellow of his old college, Jesus, and so began a distinguished academic career which was only interrupted by another war. There are hundreds of geologists who will recall with affection and gratitude not only his lucid teaching but the warm friendliness of his house when he and Mrs King entertained students.
In On return to England, King was attached to Northern Command for a year and then, from 1941 to 1943, to G.H.Q. Home Forces which was to become for invasion purposes 21 Army Group. He worked with the planners on the invasion of Normandy, the most meticulously planned military opera tion of all time, and although he was not concerned with the final details, he initiated a whole series of enquiries into water supply, trafficability, availability of constructional materials and operational airfield sites on the French mainland and on the nature and distribution of beach materials on those shores where the invasion army might land. Indeed it has been publicly stated by General Sir Drummond Inglis that Cotentin was selected as the original bridgehead because of the military necessity of Cherbourg as a port, and it was only when King refused to 'produce' a suitable geology for a large number of fighter airfields, but was able to do so in Normandy, that the invasion site was changed and the idea of the artificial Mulberry ports took shape.
In 1943, Professor O. T. Jones retired from the Woodwardian chair at Cambridge and King was elected as his successor. At this point he was released from the army, but for many more years he continued to advise on military matters. After the war, until 1953, he continued as Geological Adviser to the War Office and one of his achievements which he himself regarded with some satisfaction was the establishment of an emergency reserve of geological officers.
For twelve years he occupied the Woodwardian chair with distinction, the fifth in line of succession from Sedgwick, during a period of unprecedented expansion of his subject. On retirement in 1955 any other man might have remained in Cambridge in close and easy touch with his scientific colleaguesbut he and his wife never doubted that Wensleydale was the right place to go to. Though he was seen frequently in London, Cambridge, Hull (where he had business connexions) and in many other places where his activity as a professional consultant or an examiner led him, Wensleydale increasingly claimed him. It was from there that he arranged to have the operation which was to have such a tragic sequel.
It is not easy for one writer to assess the contribution which King made to geology. His scientific work was extremely varied, for he was essentially a stratigrapher and therefore felt free to look at geology from all sides of the subject. His major stratigraphical papers dealt with three chief topics, the lower Palaeozoic, the Pleistocene, and the geology of the floor of the English Channel. Arising from the first were some important contributions on palaeontology, chiefly of the Cambrian, but he digressed on occasions to Carboniferous trilobites. His intimate knowledge of his native Yorkshire dales led to several essays in the interpretation of drainage patterns. Publica tions on hydrological geology stemmed from the interest in practical prob lems of water supply which occupied much of his time in two wars and he was indeed continually interested in the contribution which geology could make to military operations.
In any summary of his work it is probably better to deal with it on the basis of allied subject matter rather than to follow a chronological treatment, and this procedure will be adopted here.
T he Lower Palaeozoic
When King joined the Geological Survey he was quickly posted to field mapping in the area of north-east Wales covered by Sheet 108, which includes the town of Flint. He found himself engaged on the mapping of Millstone Grit, Coal Measures, Trias and Pleistocene, a varied programme for a newcomer. When the Survey then moved to the adjoining Sheet 137 (Oswestry), King took a much larger share in the mapping of Ordovician and Silurian rocks. This work was partly done before the first world war and resumed in 1919 when he came out of the army and before he went to Cambridge in 1920. It was not, however, until 1924 that the descriptive Memoir of the country around Flint, Hawarden and Caergwrle was pub lished, and the Oswestry Memoir did not appear until 1929. In both these publications, King was part author and his contributions were considerable.
It was no doubt directly due to his Survey work that he appreciated that areas closely adjacent to Sheets 108 and 137 had outcrops of Ordovician and Silurian rocks calling for mapping and re-interpretation, and so he devoted himself to this task when he went back to Cambridge. Thus materialized two papers to the Geological Society of London on the Upper Ordovician of the Berwyn Hills and the geology of the Meifod district. In the first, the Caradocian and Ashgillian rocks were described and explained with parti cular reference to the association between faunal and facies changes. The black Pen-y-garnedd Shales, with their abundant graptolites and their scarce, dwarfed benthonic fauna, he ascribed to poisoned bottom-water conditions though in comparatively shallow off-shore lagoons. He also demon strated that there was a small stratigraphical break between the Caradocian and the Ashgillian, the first indication of a sedimentary gap which becomes greatly magnified to the east around Welshpool.
King's Meifod paper follows similar lines to that on the Berwyn hills. He mapped a sequence ranging from Caradocian to Wenlockian, and the major interest of the paper is the interpretation of the relationship of fauna to facies rather than in any intricate tectonic pattern. He traced the change in conditions of deposition from the richly fossiliferous, thick, shallow-water shales and sandstones of the Lower Caradocian to the thin, impoverished, black graptolitic shales of the Upper Caradocian, and so to the Ashgillian with its uniform sedimentation and now no longer poisoned sea. There is a marked unconformity between Ordovician and Silurian which cuts out both the higher Ashgillian and much of the lower Valentian.
A small but extremely convincing paper is that of 1932 when he described a band of fossiliferous limestone, Ashgillian in age, looking as if interbedded with Ingletonian grits and shales but in reality showing features which prove it to be a neptunian dyke. Since the limestone contained disorientated frag ments of slate from the hanging wall, it could be assumed that the Ingletonian was sufficiently earlier than the Ashgillian to have experienced an orogeny which preceded the latter period, so that a Pre-Cambrian age seemed almost certain. At this time, J.F.N . Green was a great proponent of the Upper Ordovician date of the Ingletonian and it was rather ironical that the most convincing disproof should come from the finding of Upper Ordovician fossils within the formation.
For many years King taught parties of Cambridge students how to make a geological map on the classic training ground around Austwick and Hortonin-Ribblesdale, and in 1934 he collaborated with W. H. Wilcockson in putting the accumulated results of many years' work on paper. They demon strated the great Caledonian unconformity, produced further evidence of the Pre-Cambrian age of the Ingletonian, and described the lithology, structure and fauna of a Lower Palaeozoic sequence ranging from Caradocian to Ludlovian. Despite evidence of marked shallowing of the Upper Ash gillian sea, with the higher beds missing and a strong Valentian unconformity, it is remarkable that there is little in the nature of a basal Silurian conglomerate and the Skelgill shales are the same poisoned, deep-water graptolite-bearing facies as they are in the Lake District.
King's last paper on the Lower Palaeozoic, in collaboration with Alwyn Williams, is a sophisticated essay in classification. They re-examined M arr's original division of the Ashgillian, into an upper shale group, a middle Staurocephalus fauna and a lower one of Phacops robertsi resting on Caradocian deposits with 'Calymene planimarginata\ They confirmed what La Shirley and Whittington had each previously suggested, namely, that the Calymene Beds are homotaxial with the Lower Drummock Group of Girvan, have an Ashgillian fauna, and that the zone trilobite is Calymene marginata> not planimarginata. Hence they proposed that the Ashgillian should have three faunal zones, an upper of Phacops mucronatus (Upper Ashgill Shales), a middle of Phillipsinella parabola (the old Staurocephalus and Phacops robertsi beds of Marr) and a lower of Diacalymene marginata (M arr's Calymene Beds of the Caradocian). 176 Biographical Memoirs
Palaeontology
There are three small papers simply describing new fossils or new aspects of an old genus, and in 1923 a short publication of considerable importance which for the first time identified Cambrian fossils from the Dead Sea rift. This was followed by an even more significant paper in 1930, when King identified and described the Cambrian fossils collected by the geologists of the Anglo-Persian Oil Company from the Persian environs of the Gulf. He listed Redlichia chinensis, Chuangia, Choosia, six species of Anomocare and Billingsella cf. tonkiniana, thus demonstrating that there must be a mixture of faunas of two different ages, one from the base of the Middle Cambrian, the other somewhere around the Middle/Upper Cambrian junction. It was also clear that Persia lay in the same Cambrian faunal province as China and Indo-China, but not in that of the Salt Range and Spiti.
From this early interest in Cambrian faunas arose eventually two extremely important standard works published in India-monographs on the Cambrian trilobites of Persia and on the Cambrian fauna of the Salt Range of India.
Pleistocene stratigraphy
Professor Marr, in his later years, became an interpreter of the Pleistocene, the latest of all the geological periods which his near contemporary, Lapworth, described as 'still stinking of the varnish'. In this he received much help from his newly appointed assistant who increasingly acted as the eyes of his chief whose sight was failing. Together they were responsible for two brief papers describing interesting exposures of Pleistocene in Cambridge and the Peter borough district. It is a curious fact, however, in the light of the very high reputation which King acquired in the field of Quaternary studies, that he never mapped deposits of this period on a regional basis, as L. J. Wills and his school were doing in the Midlands, and the deservedly high opinion in which he was held arose essentially from his powers of criticism and assessment of the work of others. Thus, King's tenure of the Chair of Geology at University College London not only brought the River Thames, with its complex Pleistocene history, into his own personal domain, but also allowed increased opportunities for discussion and collaboration with colleagues interested in the river's problems. From these circumstances resulted a paper jointly with Dr K. P. Oakley on the Pleistocene succession of the lower part of the valley. It was an outstanding contribution, even though King would have been the last man to maintain that every detail in the complicated interpretation could remain unmodified by future work. The authors combined the study of the chronological relations of alternate periods of downcutting and aggradation with lithological variation, the levels of deposits and hence by deduction, of the contemporary seas, phases of cryoturbation, fauna, flora and the succession of stone implement cultures. From these they produced a masterly synthesis of the sequence of events within the multiglacial frame work of the Pleistocene.
His last major contribution in this field was his second presidential address in 1955 to the Geological Society of London. This is a beautifully balanced and mature paper. He recognized that the Pleistocene succession in the Midlands was as critical as that of Norfolk and Suffolk in the interpretation of the rapid changes in climate and biota and he used these two areas as keys to solve some of the problems elsewhere, and as standards to demonstrate that apparently simple successions in many places must nevertheless satisfy an explanation based upon a complex multiglaciation.
T he floor of the English Channel
In 1942 King was asked for his opinion on the rocks which might be expected to floor the English Channel between the Isle of Wight and Cherbourg and between Dungeness and Boulogne, each a possible line for the oil-carrying pipeline which was projected. Little was known of the Channel's submarine geology beyond a number of dredgings taken for the Channel Tunnel project and described by Dangeard, though something could be inferred by extra polation of the structures known on the adjoining mainlands. After the war, King devoted much time to investigating this almost uncharted area, collect ing core samples at sea and collaborating with M. N. Hill who was using seismic geophysics as a research tool. O f four papers which followed, the last, his 1954 presidential address to the Geological Society of London, summarizes what had been discovered. The map of the Channel floor shows the Chalk to be the dominant outcrop, interrupted by at least two anticlines which bring up the Jurassic, and seven basins of Cainozoic sediments. Most of these show a structural trend which is clearly Hercynian. King not only ventured to produce isopach maps for the Trias, Jurassic, lower Cretaceous, Chalk and Cainozoic, but also came to the important conclusion that the broad outline of the Channel had been produced by the Hercynian orogeny. Since then, the old Hercynian massifs have been intermittently rising and the intervening areas subsiding, to permit the sedimentation which, in its turn, largely determines the submarine outcrops. He pointed out the effect of this generalization upon reconstructed palaeogeographies-especially that for the Jurassic, when he suggested that instead of a broad North Atlantic continent of old rocks, a series of large islands was a closer approximation to the truth.
In the last few years of his life, King was keenly interested in the beautiful method of mapping outcrops and showing folds and faults on the sea floor by oblique Asdic which the Bristol geology school has so strikingly developed.
Geomorphology
King's excursions into the origins and modifications of the rivers in his native county were not in any way sensational but were based on many years of accumulated observation and were, as a result, correspondingly sound. His most interesting work of this kind is possibly that on the upper Wensleydale river system, where he demonstrated that many of the valleys had been completely blocked in places by boulder clay and on deglaciation, the rivers had been forced into anomalous courses and had cut deep rock gorges. He also recognized the numerous waterfalls as rejuvenation heads working back from new base levels caused by a falling sea. 178 Biographical Memoirs
H ydrology
During the first world war, the British army executed 414 borings for water and King of course supervised and interpreted many of these. On his return to civilian life, he saw to it that this vast mass of detailed information was not lost. His 'Resultats des sondages' (1921) makes no claim to be thrilling reading; but his map which shows the sites of all the wells and his tabulated geological summary must have contributed greatly to the advance of stratigraphical as well as of hydrological knowledge in northern France.
On a more philosophical plane was his paper to the Geological Society of London on 'The surface of the Marls of the Middle Chalk in the Somme Valley'. By contouring this geological horizon which has such a strong control upon the prospects of yield in wells, King was able to show a general, if not always detailed, correspondence between synclines and the main surface rivers. Moreover he drew attention, probably for the first time, to the remarkable fact that wells drilled into the Chalk at valley sites had a far greater likelihood of good yields than those drilled from the plateau tops into the same aquifer. Nowadays that is a well-established fact, even if two different relationships of cause and effect are advanced in explanation.
Although he was greatly sought after as a consultant on water supply matters and served as chairman of the Society's Hydrology Sub-Committee, King published little more on hydrology. His second presidential address to the Yorkshire Geological Society is, however, a carefully reasoned plea for and demonstration of the proper recording of hydrological data.
W illiam Bernard Robinson King
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M ilitary geology
The help which geology could give both to an army in the field and at all stages in the planning of operations was a subject very much in King's mind. Something of what he did in two wars has already been mentioned, but much more detail is contained in his 1919 paper in the Geographical Journal where he describes the achievements of a very limited group of geologists ranging from two to five in number. In the driving of mines the importance of geology is manifest and he gives several examples where success depended on a knowledge exact enough to avoid running into water laden sand beds or sunken river channels. The vast systems of dug-outs were also closely linked to hydrogeology and were sometimes deep below ground in an impervious clay stratum beneath water-logged sands or gravels and reached from the surface by means of a shaft sealed off from the threatening upper water. With Professor (Colonel) T. W. Edgeworth David a detailed study was made of the water-table in the Chalk and the demonstration that there was a lag of only 2 to 4 weeks between rainfall and its showing under ground was all important in the timing of mine-construction and in deter mining the level at which driving was done.
One great practical achievement in well technology was the design of wire screens and sand filters which enabled yields of a thousand gallons an hour to be drawn from wells into the Landenian sands of the Ypres salient-the only aquifer of that area, and one which the local inhabitants had never been able to exploit by boreholes.
There is one very human incident described in this paper-when Colonel David found a tooth of mammoth and humanly-worked stone implements in a dug-out and the war virtually stopped whilst the resources of the British Army were mobilized for their extraction.
In 1951, King was president of Section C of the British Association and chose as subject for his presidential address the influence of geology on military operations in north-west Europe. He discussed Belgium as a corridor of invasion over the last 250 years and the use made of the rivers as great defensive barriers and he showed how geology divided France into regions of varying degrees of difficulty of traverse by armies. He stressed also the great importance of Pleistocene events-the fall of sea level causing gorge like incision of the valleys, the rise of sea level with drowned valleys having wide estuaries and treacherous peat fillings and causing submerged forests to outcrop on beaches to the point of making vehicular traverse impossible (one of the major problems of the Normandy invasion). The climatic fluctuations of the Pleistocene are also responsible for the loess cover, now removed from the valleys but still covering the plateaus, giving flat areas of good drainage in summer and a type of agriculture which uses very large fields-hence the ideal country for quickly-constructed operational airfields.
One important work of King's which does not figure in published lists is the Royal Engineers Manual 15 on Geology, compiled in collaboration with His scientific record was quite outstanding; but those of us who knew him well, even when we were professional colleagues, appreciated him for his gentle kindly spirit and sympathetic understanding. There is no doubt that when any honour was bestowed upon Bill King, it was in appreciation of the man as much as ol his geological work.
F. W. Shotton

